[Abstract] Ex vivo tissue-culture experiments are often performed in the field of circadian biology. The major aim of these experiments is to evaluate circadian characteristics such as period length at the tissue-autonomous level by monitoring clock gene expression in real time. This culture method is also used to examine the tissue specificity of circadian entrainment factors. However, an ex vivo culture method for monitoring clock gene expression in hair follicles has yet to be established. In the present study, we developed an experimental method to analogize and evaluate circadian characteristics by performing ex vivo culture of mouse whisker follicles and monitoring clock gene expression in real time.
www.bio-protocol.org/e3148 (Yamaguchi et al., 2017) . Our ex vivo methods may, therefore, be useful tools for analogizing in vivo circadian characteristics. (Lee et al., 2011; Noguchi et al., 2012b) 6. Cover immobilized hair follicles with 3 ml fresh DMEM supplemented with penicillin and streptomycin, and pre-culture at 35 °C with 5% CO2 to allow them to recover from surgical damage. There are no specific parameters for confirming whether or not hair follicles are healthy. 9. Aspirate the DEX-containing medium and wash the hair follicles with 3 ml fresh DMEM to remove DEX, and cover the follicles with 3 ml luciferin-containing medium. Bioluminescence is detectable for a period of more than four days if hair follicles are healthy.
Because culture medium composition reportedly affects period length
10. Measure bioluminescence in real time using a photomultiplier tube inside a dark box specifically designed to reduce background noise to detect ultra-weak photon emissions (LM2400, Hamamatsu) at 35 °C with 5% CO2 (Figure 5A ). To avoid rust formation, the LM2400 is located inside a CO2 culture incubator under low humidity conditions: to prevent culture medium from drying out, instead of using the water tray from the CO2 incubator, use the one inside the LM2400 ( Figures 5B, sterile water) . Use a CO2 incubator that utilizes an infrared sensor that is not affected by humidity inside the chamber. 
Data analysis
Data collection is performed using the associated software "Software for Photon Detection Unit C10749(LM2400v21)-JP". To analyze circadian parameters, baseline changes need to be removed.
Raw data sets are therefore detrended, as shown in Figure 6 , using Microsoft Excel by subtracting the 24-h running average from the raw data ( Figure 6A , raw data; Figure 6B , detrended data).
Circadian robustness, circadian phase (angle) and circadian period length are calculated using detrended data and Cosinor software provided by Dr. Refinetti. 
